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wesk inclvded Bug were 20% linitef oo antenna gain, bosowiddh,

azd aidelche lavels, a5 ¥well as estizsted antenna noise terpera-
Sure, inseriion lasewn, passive Lategmoduiction pradust lavels,
antenna palaciastish nerformancs, axd oxbitel are covaEage

ag 2 Zusetlon of bearsidih and antenss Simensicns. Nechanieal

paranators for this skudy task ineiuded wind and thermal loading

@oasteaints with resuliant bhean steering degredaticn and surface
tolervancos. Three spocifis cases wore sonsiderads

2. Torus axtosne oponatisn at X-band aaly (7.9 €9
8.4 &8n weiink and 7.23 ke 7.73 Eiz devwn~iiak) without g core
rective subreflestor/fovd systes for apherical sberradion.

. Torvs antoRna ouarabticn at $-hand only with « zox-
pectiva subraflineicr//feed aysten for gphovigel aberrastion.
“his po:ztion of the study addrassed the cost/ocuplexity/
werforpance igpact of aberration corroction.

S, Torps aotonnd operation with diffovent satellices ag
E=band and Z-band (30 2o 3! &z up-link and 20.2 <o 23).2 GdEz
Somme-iink) without corrective subreflector/fead aystons. Tost/

coaplogity fredused-aperturo-afficiensy radeolis at the K-band
up-iink freguancisg were iacluded.
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COMSAT Labs Multiple Beam Torus
Antenna Study

2. THE MULTIPLE-BEAM TORUS ANTENNA CONCEPT

The multiple-beam torus antennal!—?® (MBTA) is a fixed
reflector, multiple-beam antenna system developed at COMSAT
Laboratories specifically for geosynchronous communications
satellite applicaticns.'™® Fixed reflector antenna systems offer
both attractive life cycle cost savihgs*and exceptional perfor-
mance characteristics when utilized with communications satel-
lites assigned to orbital positions over a fixed portion of the
geosynchronous arc. Figure 2-1 is a photograph of a 32~ x 55-ft
(¢.6- x 16.5-m) MBTA designed and implemented at COMSAT
Laboratories in 1973 to verify the operational performance char-
acteristics of an offset-fed MBTA concept. This reflector system
provides a 20° field of view (FOV) over the orbital arc from 18°
to 38° west longitude. The feeds and their associated electronics
are housed in an environmentally controlled feed tower shown in
the photograph.

The MBTA reflector surface is generated by taking a
section of a parabolic curve and rotating it about a fixed gen-
erating axis,’r® as shown in Figure 2-2. The reflector consists
of a parabolic section in one plane and spherical cections in
the orthogonal planes. The spherical surface allows full beam

n

canning (or equivalently, the formation of multiple beams) over
a portion of the geosynchronous arc. In the orthogonal plane,
where only a limited amount of scan (a few beamwidths) is re-
quired to correct for diurnal variations and north-south staticn-
keeping of a satellite, a parabolic surface is utilized to
optimize the overall antenna system efficiency. Figure 2-3

shows the general beam scan requirements for the earth station
antenna when satellite positions are constrained to a fixed

portion of the geosynchronous arc.
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COMSAT tabs Multipie Bewm Torus
Anteuna Study

The parabolic plane crugs scotion of the MBYIL gecmetry
for ap offsct-fed implewsntation is shown in Pigure 2-4 4o illius-
trate the major antenns design pazrameters. 2 offset goometry
with an unblocked aperture is preferred since it provides low
wi@@waﬁ@l@'%i@@1~bes; particularly in the geosynchronoys orbly
plane, thus wininizing interference problems with adizcent sarale
idtes. Bgcallent anteena nolge temperature sharastericstics are
alse roalized by usiipg che offset~fod MBTA. The antonnd systen.
ﬁ@@i@n‘@ﬁf&%%&ﬁfﬁ soted fn Flouwre 2-4 are as follows: .

fe  Conerating axis aungle betwsen the beam poiating dizec-
tion ané the szis of rotation. This swole is related
ko the amount of parabolis plane scapn reguired £o0r a
scanmod beaan to follow the g@@@yn@h&@@@@ﬁqéié'varémg
antouna location cnd field of wview. N
B Basic apevture diaxgeter (D/X determines galam and
geamvidih) -
d Parvemetor determining the paxebolic gection offset
reguired for a blockage~fren apscibure.
Uy Dlamstsr of the "parent® parabolia.
R{u) notation radius for spheviecal sections.
p/R  Pavameber determining the “flatness” of the spherical
portica of the yeflector and relating the regquired
Field of view 4o the ratlico of vectangular apartere
dimensions {(W/D}.
¥ Parabolic section focal length.

F/R  Pavameter chosen to place the parebolic focus at the
best £it “spherical foous! f.e., to winimize COMPoORite
aperture plane phase deviatlor from uniform,

§ Offsct feed pointing angle,

265 Inciuded sngle tw the edye of the reflector for
ppocifiod feed applitude tapx.

Feod positions relative to the parabolic scction foous.
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Field of view (FOV = 28} and the redius of cwrvature, R
(sornglized ¢o BAL) . BDeam chavscteristics a
feed locatioms on the spherical fecd are. P

v& identical for all
oy @ Fixed £ield of

v e
alkg

POl R I o {OHBAT Lavs Suitiple Besm Torus
F;;? &ﬁ Anﬁﬁﬁm& Beudy
£ g

%%ff 1 Figuze 2-5 is 2 centey cross section of & symmetricsal
%!? %% ¥BTR indieating the ccen plane characteristlcs azscclated with
%:lé ¢i the sphexical porticn of the antennsa. Peods aze sconpod or

gj%, EE positioned along & radisl fesd ave loceted spproximately at the
§j§%a s pararial focuz {P/R «» 0.5} of the spherical reflector. The over-
%fij, all widih, W, of the reflector surface is related to the desired

g“I view reyuwivemont, ¥ decreases asg the radive of curvatuze
£ decreases. However, sphezical asbzrration shase egrorsg in the
= - apectore plaas_alse luncresse with o decrcasicg radius of

cuzrvatuzre. Thus, thers is a fundawmen’ 1l tradecff betwoen wechon=
ical disoneions sud electrical gverformance paramebhexs. The
pagnibtude of the spherieal abervrsiion ghase errors 1% dirvectly
proportionai te the dlameserfwavelength (D/2) retlo of the
sperture. Hence, the choice of optiwuy wechanical design

. ﬂk""ﬁ"w g&-’?fy:‘-:‘!‘";,-z’:,yy#,;v,‘:w{gm

>

paramsters e frogusney dzvendant. _
The torus anienpns provides & conizal bean sesn swringe

which ig2 designed o approximnte the scan lecus of & beaw following
the geostationary arc. The sngle botwesn the vertex of the cone
{the rotation axin) and the conlecal scan surfasce {(the locus of
bean pointing directions) is given by %z, 38 chown in Pigures 2-6

: mxf%awi”fwywﬁﬂ'ﬁ\

aad 2-7. Optimus 3 anglos vary from 90° for an antenna lose-
tion at the eguator to an angle theovetically approaching 98.6°
at the poles. (Antenna lovations ia this study are vestricted by

e e et s —— e - :
- ot i vt 4 £ T 5 e

7y ;
Ei a winimosn local elevation angle 2 5°.) The scanned beaw vointing
¥ locus sxactly follows the geostationary are for the sguatorial
3 E? #nd polar antenna lovationr. The polar axgis is the rotation
[ S . 7
Eg a axie for thase lovations. Fox an arbitraxy snteans loeation, the
2 i conical bean scan iocues provides a close approximation of the
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gesstationary aFe locus. A sEall essust of orthogenal {parebalic
plane scan is wtilized o heep she %@?ﬁ besa sointing at the
@ﬁﬁﬁhﬂﬁmﬁﬁéf% arc over the fisld of visw.
fhe basiz stovueteral @@ﬁ@@?ﬁ of the TR incorposates
1igh§w@igh@g sadular, cugged, and cost-gffective design. The
HBID syster includes the following couponents:

a. Roflector surface pancls curved &@ a prescribad
shape and a panel backup truss assesbly to provide sbi%@aaga
and stebiiity. Both ave waiversal designs independont of carth
stetion and satellite location. '

Bo abﬁﬁmieggné&n* BUEPROLT m@mﬁggg te hold ¢the r@%g@cxar

ané trusg asaﬁﬁb o the prosecibed position.

. The fousdation base.

¢ A sopacste feed buwer building including the universal
fued travel m@>h@ﬁ?ﬁmqrwmﬁgﬁ also provides an envivoasental and
security enclosure for the cussunications electronies.

The caﬁp@ﬁnﬂtﬁ @f th& bﬂ% o shructural “paekag@“.aéé shown is
Ffigurs 2-8, wnich is & photogzoph of the ¥META ay COMEAT Labs.

The refliectoy panels are relatively lightweight mevbhers
with gufficlent stiffness <o athiove the roguired ™3 sveface
tolaozances vador opurating eavizonmeatal condltions. They are
fabricated using conventional asluvainum aterialy ond technology
to miniodize cast. &éjmﬁtﬁ@ﬁt mechanisns at the individeal
panel corpags provide surface $ilt correctlons during asseably.
The adiustmunt mechanisn is incorporated ianto the panel-truss

conpastian.

The Dembers for the reflector $Tuss assenbly and suppors

shructore ware choson for stiffress Srom RISC s8tock steel mexbars,
shis ensures thet the material is veadily availsble and ailows the
maximus stiffness-ta~weight rativ 0 be selected.
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Figure 2-8. COMSAT Labora*ories MBTA
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o = | The backiy StTUCLUEe consists of a trues curved o
b2  follow the rofloctor surface, s shown in Plgure -8, Saveral
] = disereta aoints azé chezen as connection points between the
; g? - hackuypr and support ctruetures. The velative flexibility of she
T u beckep Strueture botwesp comnoetions determings the reguirved
: ?3',, audher #nd locstion of these points. o ,
é W | The SuPEsTt atruetire eonstitubos the main load path
I of the antomma stxucturs. It slsoe provides a reflestor positions
i gg E iny adjuntment. The length of back support merbers is dictarsd
- R by the rolative gsrih statlon/satellits location. the I-paint
E _% : support offers relatively little structural stiffuoss fox even
gugéw, .. moderate size antegpnan. Thus, « ainipun of four suppork polots
i; E wes used. Por larger sperture veflsetors (D » 27 £4) proper=
q o= rionally more supgorits would be zequired. The 4-point sugport
7 used for the etudy analvsis copeists of o support tripod as the
& maip statis loed sarrving path. Yo and A-frane msoebers Jrog the
i other hree pickup pointe provide the dynamde lozé patha foxr the
;éém__,m_éfﬁf??ﬁﬁiﬁ@ and torsionsl mosents. The V-frabe movbors also
provide reflector parabelic pizne bead polating adjustment.
ﬁg Figure 2-18 is a photogvaph ¢f a gimilay support siructure at
& COMSAT Labs. A typical pouredr-concvete foundation plan for this
: gg gupport lavout is shown in ®igure 2-13. ¥Flygure 212 iz a hack
to vigw of the reflector showiag the support sexbers and foumdation
i = Pass . 7 .
%ﬁ A primary cast paveanter is the reflector apoviure ared,
- wiich §8 & functivn of the basle diamseter, B, 208 the specified
;% iﬁ fiold of viow. Specific guln reguiremants fix the optimum sizo
1 and eurvatnre g}arémxz?:@rﬁ and &iso specify the sirechtural rigidity
Zj §§ reynired to meet the zest-mean-mguere {ms) surfsce toligrance of
i the refiector and feed strusturee and the relative hean pointiag
3 0 error coiteriz. %he gms surface telerance of the reflector Iis a
U
1
£
- é-=13
;
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Poured-Concrete MBTA Foundation
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Figure 2-12. Back View of Reflector Supports
and Foundation
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pum of the uncorrestable woan deviations frem the best fit £
flactor surface. The beam pointing @?E@é ia the angulear aif-
ferance between the origimal ideal refisctor and the surface of
the bost fit reflector mcasuzed o the deflected coordinates.
Fignze 2-13 provides a shysical éefinivion of the ns and beas
Pointlng QrEQrS.

The g surface toleranee, £, has a major IRpaet on
poth antenne support struciure reguiraxents and cest. Lt is a
combined function ¢f the gtructural deformations due o gravity,
euvixoomentsi ~onditions, manufacturing toleraswncas, and rigging

adiustaants. Surface eryors arve Jrectly related to the toial

_zeilector surface arear henes, the use of pavameters to minimize

the antenca size s desiveble. fthe lavgest cavse of pointinyg and
gurface arrors iz deflections due o wind fozeas. These forces
are proportional to the prodected avea of the zeflector on the
plane perpendiculsy o the angle of attsck of the wind and the
wmaxin belght of the smbtevna velative Lo grouad.

Wearly all aantexnd sites projech ak least 60 pexcent
of thelr avea parperdicular o a poseible wind direetion. The
real mcasure of the wind effect can be wolsabted to the womsnt
area of the reflector. The wokent svosn {reflector Reight tlwmes
aperture area) relates the reguired panal, backep, and support
structural s¢iffoess o suriace olersrees. FPlgure 2-14, which
demonsivates the relative change of this parameter with location,
shows a possible 600-pereent (2.4/0.4) variation im the reguired
stiffaess of varicug antenna Newbors.

The oricntation of the MBTA changes with the rolative
cartl station location, a3 shown in Figure 2-1%. 7The most 4lf-~
ficult reflector support reguirements ave assocliated with aatebus
locations at low latitedes (<409 and at wanimur velative lowngi-
tade 2ifferences. The raflector helght above groupd apd 1¢s
exposed area are then maxima. The most difficult feed tower
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I ia TERMINAL T,
/

o — \{

GEOSTATIONARY ARC

Sp = CENTRAL SATELLITE AT 333° EAST LONGITUDE
% = LATITUDE LOCATION OF TERMINAL
L = LONGITUDE LOCATION OF TTRMINAL
£ = ANGLE OF ELEVATION AT SITE
() = ANGLE OF TILT AT SITE
Z = LOCAL VERTICAL AT SITE
XY = GROUND PLANE AT SITE
A L £ 1Y
T, 27N 279E 23 57
0
T, 70N 333E 1 0
T, 47N 11E 24 28
i é 2-15. MBTA Orientation at Different

rarth Locations
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structure
satellite
along the

maxima.

a simple,
structure
locations

requirements occur for an antenna located at the sub-
point {latitude = 0; longitude difference, X = 0) and
equator. The feed tower height and width are then

The principal mechanical objective has been to design
reliable, lightweight, and semi-transportable MBTA
which éaﬁtbe utilized at the majority of antenna
in a,widély deployed DSCS system. Common structural

support systems and feed housing are used for different antenna

locations.

The dimensions of structural membei's and panels are

chosen to simplify the transport and erection cf the MBTA.
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The prinazy advantages of the fixed reflector, offsete
f2d ¥BTA for gecsynchronows satellite aspplications ave as follous:

Sar s
[ ortal i s lery

a. cxcaptional RP perfesmence in critical arzas,
perticunlarly sidolches and maltifreguency
operation; ‘

b. simplicity and relisbility: and | t 5

c. cost savings in multiple-beanr and/er writipies p 5

 frequency-band applications.

b el B o il N
. g : B g : ;
s A S A i s e B

St e

This section swmerizes the wajor study results ard resosmcadutions
concarning the applicability of the MBTR o the 08CE commeniestions

reguirensnts nd desoribas the performance advantsues .
3.1 ¥ PRRFORMARCE

Wis study focuses on the anslysis anéd evaluvation of
medivm-gain MR conflgurations providing %4-59 dB of veceive
band gain at cthe govermiont X-band freguencies (7.25-7.7% CGHz
roceive, 7.9-8.4 SNz vrancmit) . However, overall antenna system
performance 18 evaluzted for fregueneles ramging fram 3.7 o 31 GHz
to ascoertsin the multi-froguency-band capabilities of the HBTR
in the follosing bandss

8. C-band {commercial freguencies of 3.7-4.2 Gz
rogelive, 5.925-6.42%5 GRz transais),

o 11714 cHz {commereial freguencies of 10.9%-311.2 and
11.45-11.7 v receldve, 14.9-14.%5 Gz tranmmit,
and 11.7-32.2 GEz), Qu.




TS

R Sp———

il e

T

DT

S e

>y
L AT

‘ M TP
o s e b e ks e s o o

Lends i i T
T AT L et s A

#oltinmle Beam Torus CONBED Labse

Bnbonza Study
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tramsaity - '

an offset geosnisy provides an wiblocked antspns apes-
tore plene (fecd, subzxeflactor, of spars) and allninates forward
faed spillover (Cassograin gecmotries), 2hus providing the basis
for realizing lov wide-angle aidelobe patiern cheracteristics.
The sideloba cheractorizstics of aarth statlion autennas have
becone a critical pozforrance factor &8 (he number of cosmmunica-
tions sateliites and terrestrinl systens ineresses and intev-
forence restrictions become pore stringent. Thorefore, the
im@%@m@mtati@m of offzet MOTR gecmebtrics rather than sysmetrical

goometries {8 recommonded aven though the aperture efficioncy -1

serovhat reduesd. Plgure 3-1 shoss the mumber of gecsynchyonous
satellites lawnched or to be lavnched after Sanvazy i, 1976.

The banic relationships betvween antenna gain and bess
width as a function of the cizcular aperture diswveterfwavelength
rvatio {B/i) of a veference porabolic reflecster sre given ia
Pilgure 3-2. Aperterc lllumination efficiencieg of n = 6% percenkt
reprasent a reast.ablo but siringent design goal, particulasly
for antenna systoms which reguirg good sidelobe charactecistics.
Fead system and rms swwiscs teleranze losses aust be addsd to the
aperture illumisation cfficiencios to abtaia the overall autonns
systen gain for cachh B/ value.

dhe illumination gain of the offset MBTA fed with a
gingle feed at the parabolic focus is presented in Pigure 3~3 as
a Sunetion of DS, Sph@riﬁ@l aheryation phase esrors assosiated
with the S39A g@@m@try_iﬁereage divectly with b/h. Manimun galn
ig realized by roducing the illuminated apsyiuve arsa relative
to the paysical apevéurs after o oxitierl B value is zoached
on cach DR curvae. ‘This value ¢f i0/) oosurs when the $ilwsina-
tion gain is roduced By 3.5 to 4.9 43 velekive o a 190-percant
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Multiple Beam Torus - COMSAT Labs
Antenna Study

efficient physical aperture gain. For the D/R = 0.3 geometry,
the illumination éfficiency remains above 65 percent for D/
values up‘to 600 (G ~ 63 dB) and above-50 percent for D/)X values
up to 800 (G = 65 dB). O

Figure 3-4 shows diameter vs D/)A for minimum down-link
frequencies and maximum up~link frequencies over the fregquency
bands of interest in this study program.

The gain loss of the ‘antenna system associated with
rms surface tolerance(e)losses is shown in Figure 3-5. The rms
surface tolerance has a major impact on the multi-frequency-band
operation of the MBTA and the antenna supportvstructure require-
ments, panel fabrication, and cost. Because surface tolerance
losses and spherical aberration éffects are both frequency
dependent, the "optimum” antenna deéign is also frequency
dependent. 4
In addition to the surface tolerance, the required
field of view of the MBTAhas a major impact on the mechanical and
structural requirements. Figure 3-6 showé the field of view
versus the ratio of aperture dimensions (W/D) for particular
D/R values. PFor a fixed field of view requirement, W/D increases
as the radius of curvature is increased (D/R decreases) to reduce
spherical aberration effects.

The minimum spacing between adjacent beams along the
geostationary arc, which is constrained by the physical diameter
of the feed horn aperture, dp, is

(360°/W)(D/R)(dh/l)

AB_. = (3-1)
min (D/ )

which is approximately 2—4 antenna half-power beamwidths depend-
ing uporr the type of feed horn used. Thus, for the two X-band

antenna systems considered,
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G = 34 &8 for ﬁgmin = },2°% {3-2a)
. {
& e Ebg ﬁ% f@:f hﬁmiﬂ =2 @ o ﬁ @ ( 3= (Qb) d

The antensa nolse tezperature profile for tho KB3TA at XK-band as
a function of elevation sngle is shown in Plgure 3-7. ‘e
abgancs of aperteze plane blockage and scatisring and the use
of an oversized refleceing sweface for waltiple %

—

et ey
| N

posm forastion

reselt in exsceptional sntenns nolse temssvatuwre profiles for
the offcat HRTR. . .
Pigures 3=2 o 3-7 form the bazis for defianing the BP

rz

paihornsace chavacteoristics of the MITh Systam. The systes de~
| PREROELERCE G 4

sloner must specify a voywired set of gains loxr G/ wid fre~

quency bands, and & reguived fleld of view. These specifications
in tern peralt & tradeoff zmong D {or B/AY, /R, %79, and €
perapeters, which in turn can be normalized o & cosb/periovmence
relationship.

The gain pdrformance of the offact MBTA over the range

of 3.7 to 31 GHz is indicated in Figwre 3-8, which shows
the aperture illumination gain of 3 27-fe-dismeter anbennd.

With a speeifisd E-band gain reguirement of 54 48 and a 30°

field of viaw, the /R = 8.4 configuvation provides asn “optimos®

compact geomowry (W/D = 2.20) . However, in the 20/30-GHz fre~

guency bands the illiuveination gain.of the D/R = 3.4 configurarion
iz ~2.8 8 lower than that of the /R = 0.3 geomseiyry. XI¥ 52-d8
antenna syetem gain is roguizred at 20 GHz, then the /R = 0.3
goometry with its associated larxger aperture arves (WD ¢ 2.65)

i3 necessary.
The patteras of che 27~ft-diaseter MOSTA with /R
= §§.4 ave shown in Floures 3-9% and 3-i0 for the government S-band

freguenclies. Thess patterns are calcovlated at the wmid-band
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reeciva fraoqgquoney of 7.5 GHz. Por reforomee the 32 « 2% lagis &
morformsncs reguivensnt fov conveational antenmas A8 given a8 o
saghed line. The firet pattern (& = 90°), vhich is in the scan
plane {(along the gaoscationsxy arc), dononstrates the oxcellent
gidoicka characteristics of the offsst MATA. The second pattersn
is in the plane combtalining the porabolic section of the MBTR.,
e offset asvenetry coubined vith spheorical oberraticon gives
rige to & minor sidelche asymaebry and beam sguint. The half-
pouwar beamwidths in the spheriesl and parabolic planes gxe 9.36°
and 6.34%, recpectively. -

Az shewn in Plguve 3-11, 59 -d% recelive band gain is

govaramont X-bead froguoncles. The aperture illvminstion ef-
Ficioney, n = 70 parcont. The D/R = 0.4 gecretey with D = 48 £%.
realizes an apoerbure offliciency of n = &7 peccent at KR-band.

R 59-48 gals roguizrement at ¥-band combined with a wultifreguasncy
porformance capability from 3.7-31 Gz would elsarly faver the
DR = 0.3 g@@ﬁ@tﬁ?o Tae full aperture disseter, D, is veilized
over the entire freguency range. With the /R = 0.4 ceoastry,
the iiluminated aperture areca of the sntenne systen Bust be va-
cuced relative 0 the physical aperture o realilze optimum galn
in the 1i/14- and 20/30-Glz bands. & swmallew field of wiew fovw
the 53%~dB-galn antomma systos canr be utllized to constralin ixe

8 dimonsion.

The MBTA geonetry provides @ conigal bheam scan locus
which closaely approximates the curvature of the geonstationsry are
whon ths pavabolic genorating cuwrve and feed pogition are revolveld
ghout the rotation axis, w. Por gecsyachronons applicativans, the
optimal gencerating axis angle,: $., varies from 28° fov MBTAs Lo~
cated at the aguator o 28.86° for those close to the pular ragicns.

A singlia roflevtor design defined as

©g = 9%.5° (3=
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k. ] and fesulss dn less than 9.2° af versi-caze bean pointing erxreg

“ﬁ CWith spherical glane c2cam over a §9° fleld of view, as shown in (

h 331 R - ] 7 R
§§ Pigure 3-12 for 2 spacificd set of MBTR iccatiomns. This bhesm : :
<)

gcan error represonts lese thes -2 beauvidths of regulrzed psza-
bolle olsae zean for eract bowm vepositioalng ia M8TAs having
B4~ @ 5968 galns therefore, it has negligible impact on ®F
poxforuance. Cae laentica: zellestor surfaco is weilized at 8l
%8TA Locations for a given gals xeguirement O minieizs re-
Slector febrplsation cests. The reflestor support SLTBELeE

.%; . leugths vary o accommodate difforenmt NOUR latitudes and loagi-
rudes. e hosm Scan error shown in Pleure 3-12 can bs hoived

L A A S iy

by adjuscisg (biasiag) the antenna mount at esch latitude te

CAsn =

2

%gmg srovide two exguct scanned boaz positions over the £ield of view,
E}lé The ¥BTH fiald of view is related ¢o the ratio of apesrturs plars
i{ dimensions (8/D0) as followa:

TR T

‘E b @ :
f & POV & (-‘:?}Q-‘?j (B/R) (oD - L) {34}
ﬁi’:‘ W ﬁ

e

Erieg)

Moaguramend resulis at COMBAT Laboratorigs have doman-

T TR

strated that the zadistion lsoletion botwoon odigcent boawms ig
orecisely that predicted by the sidelobe envelopes. Dizect
interaction butween corrugatad feoed horn elomants is exeepbion-
ally low due o the highly favered apervture fleld distributions
and the abseancs of coepling currents OB the exwerior wails of
thase horas. The radlal feed sre which tends to point tha feads

)

PED

e
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A bBashup tIuss and susport seructurs zeguired to resliswn ﬁ@@raw
ticaal ran swface tolorances of U.040 fach {1 mm) and 0.020 ingh
(0.5 ) wers analyzed. The G.048-1i
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e gain loss iu €5 88, a8 shown in Pigare 3~-5. Oowever, galwn
ogees L3 tho higher froguensy banda. partioularly 20738 G8e,
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aye @aiastzined ia dhe 20/30-GEz bandr {(L.o0., 1.5-d8 gaia
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Haisinle Bean Torys ' SOMESET Labo
Antonns study

_ in a simple, lightwaight, trausportable structure permitting

‘ worldwide MATA deploywent. %The reflector 9&&@1 sgurface and backup
tEuss support structure are ldentical for all site losations .
e longth of the = and V=fZame structural support menbers aze
varlied to accumandate diffexent EBYA locatlons. The reflector
panzls and backup treas structure ave designed to facilitate
comsercial fabrication and bandiisy and shioping of individual

Ehais .
Several represeatative antenns locations shown in

Figure 313 were selectod $o evaluate the offect of worldwide

depiovment on the hazic antenna structure. tThe saiellite ioga-

Ctivn A8 o middle location fov the LES-Z, FLTSATCOM, RARTO~IIL,
RATC=IX1, and DBCE satellite arc. Figures 3-i4 and 3~15 are
views of <he basaline MRYR antenns system at four different loca~
tions, indicating the wvariation in MRTR geowatry.
' The feed tower holght and window slope vary congider-
ably as 2 fupction of relative antunna locatios, &3 shown in
O Piguves 312 and 3-15. Flgure 3-16 shows the product {(ayeal of
feed tower widih tiwmes mawiwe~ height. & single fesd txamép@rt

)

radial raill assembly iz wutilized for all MBTA locationz. The

3

ead transuort arce length, as shown in Flgure 3-17, is a function

of 3/R, PAR, %, and FOV, rather than the 8pesific eartn station

i)

lovaticn. Thae froquency reuss feed and feed transport assasbly
installed in the COMSAY Laboratouries ¥B3TA ave shown in Figure 3=18.
The feed assambly suopart and foundatiom can be physicslily sepa-
@ from the outer wallis of the {fesd tower enclosure o reduce
e effact of wind and thercal deformations on dazp pointing.
In addition %o the baseline 27-£¢ %398 goometyy, the
48~£¢ MBTA {(D/R = 8.3} gecsetry, waich provides 53-38 recseive

X=Land galn, was also consideved for RY ansizais and costiag.

"

ik

Trhre Sl

=t
i

.

&

Pigure 3-1% showsz Hoth the 27~ and 45-f:f NETA geometvics for the
il

Laboratoriae asiting pazamsters
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Multiple Beam Torus
Antenna Study COMSAT Labs

Central Satellite Location 333 East Longitude all cases
Earth. Station Location 2
Sweden

—I ’//,,/\\\\\\\ Latitude 60 North
Longitude 13 East

AN 77N Z/ /K———JM‘L

N\
s

] ;
o
14
P
1t
|
1>
| i
l /
R ! ©O Location 1 :
! Mt. Margret
54’ Latitude 2 South
Longitude 37 East
o | ) ]

7
AN
,
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| N~

{ 4

# S

/SN AN ‘ 7N -
. [
Fiqure 3-14. Views of MBTA at Sweden and Mt. Margret
((bsmr = 333° east longitude) .
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“OMSA' Multiple Beam Torus
FOHBAT Labs Antenna Study

sarth Station Location 4: Ascensxon Island
Latltude 7 North

Longitude 346 East

~J \\\
29 | S~
~ — i
‘\\~\\ \_____-1_
~d 4 -
i | £ . e G
Earth Station LOcation 3: Iceland
LCatitude 66 North
Longitude 340 East
X ‘

27’

Figurc 3-15. Views of MBTA at Ascension Island and Icelard

(¢ = 333° east longitude)
sat
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COMSAT Labs Hdultiple Beam Torus
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FIELD of ViEw (Fov)

Figures 3-17. Projected Feed ARC Length, ¢/p
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Plguse 3-20 vummerises gﬁ@ cotel fabricavion srd imple
mentation costs for the H3%R 28 2 fuustion of dlametet foy 9,220~
ang 9.945-ineh opegationni @@r¢°@@ televancke. Eleetuenic egnip-

Baent (H2as and L¥Rs] is ant incivded. Cost escims stas Sor Sobpi=
e‘“i on and erection ave derived from (CMEAY's axpericrcs in
izplemonting & 39- x 35-F% ¥BTA. Pabrication, erection, and

Leundation costs arae o functisa of the sporture ares (¥ % B} and

tha operationsl surfacs tolerance reaniranent. Poundation cosia

Lo

,M.

T

i

are based on 2 volian proporiienal ¢o the srea and helght of the i
roflectozr scoled from Che COMSAT Loboratorics MITA. The founda- +) ﬁ
tien, foed building, and transport vall cogts are based cn 1877 P k

4 congtruction cest data. PRo-dcimy coats have aot baen dncinded in f

é Plgure 3-30. COMBAT Laporatories' ¥3TH has operated pucesss- .

f Zully fox S years without do-icing equipment. AL bigh latitcdes g

)

{: vF>%@@) the roflector surface ig nearlv vortical and snow and

} . ; Y
i ien acsewmalation in winimal. it
L;% The cont differentiale beilwewea diffevent MBYA loca- |
ji tions ave estimated te be less Han 10 percent. The estimacoed ffﬁ
3 eout for tas naseline ¥BTA with a 30° £field of viaw and 0.246~ -
} inedl rus surisce tolievaacs 18 :I
! o
1}
: basellinse ¥MBTA cost = §3238,989 [ )
H
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PanLe 3-8 swmmarizog $he bagaeling ¥ETA costs at four locatlions i
i wad in Flguve 3-13. 3
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chsracteristics are asarly idestical for the §/8-, 7/8-, and

ii/14-CGEg Hands.

The cost ivpact of additlonnl froguency bands is
related to the cost of o new feed Rorn/OMY sysioxm and the associ~
ated electronies syvipeont. &n identieal feood twanspent agssably
way e used for all freguency bands. The only variation in tha

gmtizre ¥B8TA gsvstem is Uwe feed horn and assosiated gleqtvronic

e
raguired to conbine commevcial spovation {(via o separate

r
gatollite) with guvernsent Z-kand operation. Since corrugated
foed horas celiminate fead couwplinag offacts, adjacsent: bean coupling

can e devermenced golely fyoo the secondary patiorns of the TR

= 2% the diffarent freguency bands.
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The study rasults anplied o tegdk 2 zhow thet a single
-4 refloctor design (¢ = 23.37) il sufficient for a widely doployed
BECE systen, the eby wminimizing sys @ fabrication cosyz. ihis
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Multiple Bssn Torus
Antannd BEudy

Low e

,ﬁ“$ %@ﬁd&&f dasigm f *m@ TR £@§1@@tﬁ2 and structure
ﬁ@;ﬁi&s Lﬁ@ systeR ©o be e@si&v wT@ﬁ?@@fﬁ@u ang @ﬁ@@t@de AL
SO &uﬁ are desiqned o a- ‘gize that isg readily tronsported by
§i56faa® &% ‘“zusx _
'“'%n@ cuB vaéaﬁﬁi@a of the basoline MOTh asz a function
©f antesns i@swtaan ie ostizatod o be leps than 1 percent. &
&gniffaaﬁhmn@atar& o the design is that it pormits ¢the ¥BTA to
ﬁiﬁﬁit&ﬁ@5u319 2orve seversl sateilites over a figed portion of
Dt @e&ﬁt&tianary ape au difforent fraguency bands. Only the
ok %@ﬁugygﬁ aﬁé @i@sax@m%ﬁg vary wilh Exeguimay.
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Cont estimates pregaved for thoe baseline 27-{tediameter
¥aum (D% = 6.4, which provides 54-a3 Gowp-link gaia st 7.25 G
with a 30Y fi=id of wview, wield an antenns system cost of $220,060
with a theparcent variation as & fuaction of differential siting,
- Tho bage o8t is £0v a sisgle bheam. Addition 0f second {and

subnoguont) beams reguizes only & secasnd fead gystonm and feed
transport ascembiy. & orimavy esdvantage of the MBTA concept is
that agditionzl bheams &t one or awre reguency bands can be zadded
at littieo additional cost. Because of the proximity of the feeds
ca thae radizl feed ave, redundent electronis units van be shaered
in wmliiboas opesrutlon. 2 third high-powey amplifier or iow-uoise

- s 2% 4 S R atig e T « & 8 o3 ey o
receiver can b upilized s thoe redundast backup unit for elther

B . oG el sagmdn oy & gy S Gt e D wmened e d Bl e o % &

dundant elestrenic mmiis ragulred with an intreasning munber oI
P e & sy enca % oS o e} do Cyest ’
rgnificant overall systes cost
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The basoline aantenna provides mere than 48~a3 gain at
3.7 G4z, The voat of a dual beam system with one #-band and one i
C-band beam is identieal to that noted above. L

The baseline antenka with 2 §.820~-inch aperating surfaas
oleranca pay be uwsed fox a dusi bearn system which prevides a —
Dean at X-band and a bean at B-hsad. The ingrengatal cewt is
$40,000 for o raflector stracturse with $.020- rather than 0.040-
igeh operating ras surface tolerance. The baseline ¥RTA provides
59.5-40 gain at 20 GHz and 69.9~dB gaia ot 38 <z, A D/R = 0.3
gonmetry of apereure divwensions 27 x 71.5 £ provides §2-83 gaiwn
at 2% GEz and 631.%-dB ¢ain at 30 Gz, ond the aperture area in-
crease is 12 percent. A conservative incremental cost estimaie .
for this MBTA geometry is $44,000.

e 48-ft~diametor dual-boeam MATA (D/R = 0.3} provides ..
5938 down~Llink gein at 7.¢5 GHz. The cost ostimets for this
M3TR s $L,004,000 with a §.028-inch operating surface tolerancs
and $824,000 with a 0.040-inch coperating surface tolerance. The
cost ilncrenent for additiounal beams is only the cost of tha fao

R I e u e F ol A
i B Y g i

system and iis asscciated electronics.

3.7 CONCLUS 10N

The MRETA vrovidezs low sideiobes and a multibeagm--malti~
Froqgquency cagablility in a simple, rugged, and relishle sechanical

structurs,. iy moduolar deslion facilitates irangporcation and

@
o
.

arection. The offset-fad BTa grovides low wido-anvie sidelobe

# reenlt of 2 hlockage-free apartuvrs. The

[l

£
formation of wulitiple beans at one or more [roguensy bands uaing
shared aparivres o3 a fixed reflesctor stoucture can re

in systems in which satellites gres gon-

tred nortion of the geossynshronoue are. bkdditional

Dezns reguire only & relastively inexpensive foed svshem and




s

D

<
%

Ses

A e,
DD e
it ey
i‘;‘(;;,g, :j

AP,

(2

PRt
B T

O

e Dt g

=Gn)

e

SN T AATIRT

)

.

B

ey

=<

3

s

o

==

&8 Em5

€2 R el pel B &S

COMBAT Lsba Multipie Boaz Torus
Antenna Stuay

fead transport asscambly. Redundant electronic egelimment can be
shared betweon muleisle beams to furiher increase overall systen
QCONOHY .

Poy a given antenna gain, a single reflector &Lrusturs
is applicable to all DBCE enkaenna laocations. The dovus fead
building incorporates a1l of the sarth statien clecusnte encent
the reflector. Thus, foeds, rocsivers, trangzitters, and other
coexppunications aquipsend and power supnlios are all contaimad in
a loczed stracturs. No externsl dovices ave visidile. The feed
window =ay be optically upague {(but P transparent) to conceal the
antenae pointing and frequency band aand hence the ssfeliitels)

' 3 such Isss sensitive to

[ a3

being utilized. vhe antenns systen
gLray OF interntional destruwetion {(i.e., huntezs’ bulleis) thon
conventional antenna =

horag. Algo, pover and commnmications comections way be

yatams with axpused waveguide vuns or feed

wndergromd.

The multiple-bhaawr feed assendbly poermiis immediate
transfer of communications traffic if & fauly occours. Critieal
tradiic can 2asily be handied in wo radundant paths o wo
satelliites without inoreasing reflaector aystem cozt. Thus, no-
break sormunisation 15 poasible with one reflector.

Relative to conventional fully steerable Cassegrain

reflectors, tha B3R offers the following pervformance advaniayes:

a. lower sidelobas:

ower antenna nolse temperature;

e
L4
[dd

91
©
0

wore vigid fixed xefiector and & lighbwelight
i

e

REd asganbly, allowing lower ineriia track

203 Rence grastey tracking acoar

e

So. 185 malintenance a8 2

£
large gears, beaviags, and motore:
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long gowey coneusptiosn oince frastional horse~

power Botors Zove the feed/LiA sssembly;

the use of spe for n radundant elecizonics
ezulpment &Pong WO OF ZmOre SAPRTALe DOGES 1o
poymit iﬂéxém%@é raliability or redaced costse

oy & aiven level of zsitabilivy:y

z".
[

Tas soe mad

simplifisation of freguency band changas: and
gimple optles since subreflestory adiucitzonts
not zeguired.

a,

vr dlsadvantage of the Tiged reflechor 3374 i3 the
cinting flexibility. 91 . anveane systez is 463
iliter only over a fipged portion of the geosynchronous

2l positiong and ranges of satelliges, ihe cast savices

aed performance adventages of the ¥RTR syutem can be gonsidorable.
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